Introduction
============

Obstructive sleep apnea (OSA) is characterized by sleep fragmentation^[@r01]^ and repetitive hypoxia^[@r02]^ during sleep. OSA is associated with a number of cardiovascular effects, such as hypertension^[@r03],[@r04]^, metabolic syndrome^[@r05]^, and heart failure^[@r06]^. OSA was recently associated with increased cardiovascular mortality^[@r07],[@r08]^; however, the identification of the abnormality and the institution of effective treatment with continuous positive airway pressure (CPAP) reduce the rate of fatal and nonfatal cardiovascular events^[@r07]^.

The mechanisms responsible for cardiovascular damage secondary to the obstructive apnea events are multiple, but the final common pathway is autonomic involvement^[@r09]^. Intermittent hypoxia^[@r10]^, sleep fragmentation^[@r11]^, and alterations in intrapleural pressure^[@r12]^ directly affect the sympathetic and parasympathetic autonomic nervous system.

Moreover, cardiac arrhythmia may be triggered by changes in the autonomic tone^[@r13]^. The vagal activity may cause bradyarrhythmias, and sympathetic overactivity may favor various rhythm disturbances, including ventricular arrhythmias. The authors of this manuscript hypothesized that nocturnal cardiac arrhythmia occurs more frequently in patients with OSA. Hence, the aim of this study was to analyze the relationship between such arrhythmias and abnormal heart rhythm during sleep in a population sample.

Methods
=======

Study population
----------------

Cross-sectional study involving 101 volunteers in a single center was conducted. The sample size was defined to allow prevalence estimates ​​with 3% accuracy^[@r14]^. To obtain a representative sample of the inhabitants of São Paulo, a technique of three-stage cluster sampling was used^[@r15]^. In the first stage, to ensure accurate socioeconomic representation, 96 of the 1,500 districts of the city used by the Brazilian Geography and Statistics Institute (IBGE) were proportionally selected among four homogeneous socioeconomic regions of São Paulo. The selected private households were permanently occupied. Thus, clinics, schools, and other commercial and noncommercial establishments were excluded. In the second stage, the families were selected by randomly selecting a household and subsequently skipping a specified number of houses in relation to the total number of selected households and dividing by a fixed number. Eleven families in each sector were selected in this manner. Each apartment, in the building, was considered a household and was counted from the top to the bottom floor. Finally, in the third sampling stage, all eligible residents in each selected household from the youngest to the oldest were listed. Pregnant or lactating women, people with physical or mental disabilities, individuals under 20 or over 80 years of age, and people who worked every night were excluded from the study. Substitutes were selected from the neighboring house, using the same random selection criteria described above. The rational design, sampling, and procedures used in the Epidemiological Study of Sleep of São Paulo have been described in a previous publication^[@r16]^.

The study protocol was approved by the Ethics Committee of the Federal University of São Paulo (CEP 0593/06) and registered at [ClinicalTrials.gov](http://ClinicalTrials.gov) under number NCT00596713. All volunteers read and signed the proposed consent form.

After signing the consent form, the patients were asked to attend the Sleep Laboratory for clinical evaluation and basal overnight polysomnography (PSG).

Polysomnography
---------------

The overnight PSG was performed in the sleep laboratory using a digital system (EMBLA® S7000, Embla Systems, Inc., Broomfield, CO, United States) during the regular sleeping hours of the individuals. The following physiological variables were monitored simultaneously and continuously: Electroencephalogram (EEG), electro-oculogram, electromyogram (submental region, tibialis anterior muscle, masseter region, and seventh intercostal space), electrocardiogram (ECG), detection of airflow (thermocouple and nasal pressure), abdominal and thoracic breathing efforts (by inductance plethysmography), snoring, body position, peripheral oxygen saturation (SO2), and heart rate. Four trained technicians visually labeled all the PSGs according to the standard criteria for investigating sleep^[@r17]^. The EEG and leg movements were classified according to the criteria established in the manual of the American Academy of Sleep Medicine (AASM) for assessing sleep and associated events^[@r18]^. Apneas were classified according to rules recommended for adults in the AASM manual, and hypopneas were labeled according to the alternative rules^[@r18]^. A PSG technician randomly selected and reassessed 4% of the PSGs to verify the accuracy of sleep staging (concordance index of 93.3 ± 5.1, Kappa 0.91 ± 0.03). The apnea-hypopnea index (AHI) was used to determine the presence (AHI \> 5) and severity of OSA (mild: 5 \< AHI \< 15; moderate: 15 \< AHI \< 30; and severe AHI \> 30).

Holter evaluation during polysomnography
----------------------------------------

An ECG channel was extracted from PSG, duplicated and then analyzed with a Holter system manufactured by Cardios® (Smart Cardio, Cardio Systems, São Paulo, Brazil). The following characteristics of the ECG were analyzed: heart rate, QT and PR intervals, ventricular and atrial arrhythmias, and breaks. The complexity of the arrhythmias was described as follows: isolated, paired, or tachycardia. Anthropometric measurements were performed immediately before PSG and included body weight (kg), height (m), body mass index (BMI), and circumference (cm) of the neck and blood pressure.

Statistical Analysis
--------------------

Version 17.0 of the Statistical Package for Social Science (SPSS) for Windows was used for data analysis. Descriptive statistics were used for the sample and group characteristics. The chi-square test was used to determine associations between subgroups. The general linear models (GLM) were used to analyze some variables. The *a posteriori* Tukey test was applied when necessary. A final adjustment of the logistic model was performed to analyze the main variables associated with the occurrence of cardiac arrhythmia. Data were expressed as median ± standard error for quantitative variables. Categorical variables are expressed as percentages. A p value ≤ 0.05 was considered statistically significant.

Results
=======

A total of 767 participants (461 men) with a mean age of 42.00 ± 0.53 years were included in the analysis. The ECG channel extraction and compatibility for the Holter system methods could not be performed in 334 subjects who were excluded from the analysis. The demographic characteristics of the sample are shown in [Table 1](#t01){ref-type="table"}. The presence of OSA, defined by AHI \> 5, was observed in 37% of the population; 55.3% of these cases were classified as mild OSA and 44.7% had moderate or severe disease. The clinical and polysomnographic parameters of the patients with mild, moderate, or severe OSA and of the control group (without OSA) are shown in [Tables 2](#t02){ref-type="table"} and [3](#t03){ref-type="table"}, respectively. Sleep latency, percentage of REM sleep, and the periodic leg movement index were the only variables that did not reach significance when the groups were compared.

###### 

Demographic characteristics of the sample

  Characteristics                   Total (n = 767)
  --------------------------------- -----------------
  Mean age (years)                  42.00 ± 0.53
  Male gender (n)                   352
  Body mass index (kg/m^2^)         26.60 ± 0.18
  Neck circumference (cm)           36.10 ± 0.17
  Hypertension (%)                  46.30
  Diabetes (%)                      7.30
  Systolic blood pressure (mmHg)    124.40 ± 0.97
  Diastolic blood pressure (mmHg)   79.33 ± 0.55
  Smoking (%)                       23.30

###### 

Clinical characteristics of patients with mild, moderate, and severe obstructive sleep apnea (OSA) and controls

                            Control (AHI ≤ 5 events/h) n = 492   mild OSA (AHI 5-15 events/h) n = 154                  moderate/severe OSA (AHI ≥ 15 events/h) n = 121       p value
  ------------------------- ------------------------------------ ----------------------------------------------------- ----------------------------------------------------- ----------
  Age, years                37.47 ± 0.52                         48.12 ± 0.88^[\#](#tfn02t02){ref-type="table-fn"}^    53.41 ± 1.01^[\*](#tfn01t02){ref-type="table-fn"}^    \< 0.001
  Male gender, n            189                                  82                                                    81                                                    \< 0.001
  BMI, kg/m^2^              25.33 ± 0.20                         28.45 ± 0.34^[\#](#tfn02t02){ref-type="table-fn"}^    30.37 ± 0.38^[\*](#tfn01t02){ref-type="table-fn"}^    \< 0.001
  Neck Circumference, cm    35.02 ± 0.22                         37.55 ± 0.37^[\#](#tfn02t02){ref-type="table-fn"}^    39.24 ± 0.42^[\*](#tfn01t02){ref-type="table-fn"}^    \< 0.001
  Waist circumference, cm   81.10 ± 0.51                         90.65 ± 0.86^[\#](#tfn02t02){ref-type="table-fn"}^    96.29 ± 0.98^[\*](#tfn01t02){ref-type="table-fn"}^    \< 0.001
  Hip circumference, cm     97.79 ± 0.51                         103.12 ± 0.85^[\#](#tfn02t02){ref-type="table-fn"}^   105.36 ± 0.97^[\*](#tfn01t02){ref-type="table-fn"}^   \< 0.001
  Waist / hip ratio         0.85 ± 0.01                          0.88 ± 0.02^[\#](#tfn02t02){ref-type="table-fn"}^     0.92 ± 0.02^[\*](#tfn01t02){ref-type="table-fn"}^     0.011
  SBP, mmHg                 118.95 ± 1.06                        132.86 ± 1.78^[\#](#tfn02t02){ref-type="table-fn"}^   138.32 ± 2.04^[\*](#tfn01t02){ref-type="table-fn"}^   \< 0.001
  DBP, mmHg                 76.61 ± 0.62                         83.47 ± 1.05^[\#](#tfn02t02){ref-type="table-fn"}^    84.32 ± 1.20^[\*](#tfn01t02){ref-type="table-fn"}^    \< 0.001

Differs from mild OSA and controls;

Differs from the controls (p \< 0.01).

AHI: apnea-hypopnea index; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure.

###### 

Polysomnographic parameters in patients with mild, moderate, and severe obstructive sleep apnea (OSA) and controls.

                                  Control (AHI ≤ 5 events/h) (n = 492)   Mild OSA (AHI 5-15 events/h) (n = 154)                Moderate/severe OSA (AHI ≥ 15 events/h) (n = 121)     p value
  ------------------------------- -------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------
  Sleep latency, min              16.20 ± 0.92                           18.30 ± 1.57                                          16.81 ± 1.78                                          0.517
  Total sleep time, min           350.20 ± 3.17                          335.56 ± 5.38^[\#](#tfn02t03){ref-type="table-fn"}^   326.48 ± 6.11^[\*](#tfn01t03){ref-type="table-fn"}^   0.001
  Sleep efficiency, %             83.60 ± 0.52                           79.80 ± 0.89^[\#](#tfn02t03){ref-type="table-fn"}^    78.37 ± 1.01^[\*](#tfn01t03){ref-type="table-fn"}^    \< 0.001
  Stage 1, %                      4.30 ± 0.14                            4.53 ± 0.24^[\#](#tfn02t03){ref-type="table-fn"}^     5.81 ± 0.27^[\*](#tfn01t03){ref-type="table-fn"}^     \< 0.001
  Stage 2, %                      53.90 ± 0.38                           54.58 ± 0.64^[\#](#tfn02t03){ref-type="table-fn"}^    57.03 ± 0.73^[\*](#tfn01t03){ref-type="table-fn"}^    0.001
  Stage 3, %                      22.50 ± 0.33                           21.97 ± 0.55^[\#](#tfn02t03){ref-type="table-fn"}^    18.97 ± 0.63^[\*](#tfn01t03){ref-type="table-fn"}^    \< 0.001
  REM phase, %                    19.20 ± 0.27                           18.92 ± 0.42                                          18.19 ± 0.52                                          0.182
  Awakening index, events/h       10.90 ± 0.38                           16.53 ± 0.64^[\#](#tfn02t03){ref-type="table-fn"}^    27.54 ± 0.73^[\*](#tfn01t03){ref-type="table-fn"}^    \< 0.001
  PLM Index, events/h             0.83 ± 0.27                            1.59 ± 0.45                                           1.30 ± 0.51                                           0.308
  AHI, events/h                   1.40 ± 0.28                            8.85 ± 0.48^[\#](#tfn02t03){ref-type="table-fn"}^     31.73 ± 0.54^[\*](#tfn01t03){ref-type="table-fn"}^    \< 0.001
  Mean SaO~2~, %                  95.90 ± 0.07                           94.41 ± 0.12^[\#](#tfn02t03){ref-type="table-fn"}^    93.55 ± 0.13^[\*](#tfn01t03){ref-type="table-fn"}^    \< 0.001
  SaO~2~ total time \< 90%, min   1.80 ± 0.95                            6.77 ± 1.61^[\#](#tfn02t03){ref-type="table-fn"}^     22.10 ± 1.82^[\*](#tfn01t03){ref-type="table-fn"}^    \< 0.001
  Basal SaO~2~, %                 96.50 ± 0.06                           95.31 ± 0.10^[\#](#tfn02t03){ref-type="table-fn"}^    94.71 ± 0.11^[\*](#tfn01t03){ref-type="table-fn"}^    \< 0.001
  Minimum SaO~2~, %               91.20 ± 0.18                           85.93 ± 0.30^[\#](#tfn02t03){ref-type="table-fn"}^    81.49 ± 0.34^[\*](#tfn01t03){ref-type="table-fn"}^    \< 0.001

Differs from mild OSA and controls;

differs from control (p \< 0.01).

AHI: Apnea-hypopnea index; REM: rapid eye movement; PLM: periodic leg movement index; SaO~2~: arterial oxygen saturation.

At least one kind of nocturnal cardiac rhythm disturbance (atrial or ventricular arrhythmias and/or break) was observed in 62.7% of the sample. The occurrence of nocturnal cardiac arrhythmias was more frequent with increased disease severity. Rhythm disturbance was observed in 53.3% of subjects without sleep breathing disorders, while 92.3% of patients with severe OSA had cardiac arrhythmia. The distribution of atrial arrhythmias, ventricular arrhythmias, and breaks are shown in [Table 4](#t04){ref-type="table"}. Both ectopic complexes, isolated from atrial and ventricular arrhythmias, were more frequent in patients with moderate/severe OSA than in controls (p \< 0.001). Occurrences of nocturnal breaks and non-sustained ventricular tachycardia did not differ between groups.

###### 

Distribution of nocturnal atrial and ventricular arrhythmias among patients with obstructive sleep apnea (OSA) - percentage of events

                                                                     Control (AHI ≤ 5 events/h) (n = 492)   Mild OSA (AIH 5-15 events/h) (n = 154)   Moderate/severe OSA (AHI ≥ 15 events/h) (n = 121)   p value
  ------------------------------------------------------------------ -------------------------------------- ---------------------------------------- --------------------------------------------------- ----------
  General cardiac arrhythmia, %                                      53.30                                  77.30\#                                  82.60\#                                             \< 0.001
  Isolated premature ventricular complex, %                          17.30                                  27.30\#                                  39.70\*                                             \< 0.001
  Ventricular bigeminy, %                                            0.80                                   0.00                                     5.00\*                                              \< 0.001
  Coupled premature ventricular complex, %                           1.00                                   0.00                                     5.00\*                                              0.001
  Non-sustained ventricular tachycardia, %                           0.20                                   1.90                                     0.80                                                0.06
  Isolate or coupled atrial premature complex, %                     43.90                                  64.30\#                                  73.60\#                                             \< 0.001
  Non-sustained supraventricular tachycardia, %                      6.70                                   7.10                                     15.70\*                                             0.005
  Chronic and paroxysmal atrial fibrillation, %                      0.20                                   0.00                                     1.65\*                                              0.03
  Break (sinus breaks \> 2.0 seconds and atrioventricular block),%   0.60                                   1.30                                     0.80                                                0.69

Differs from mild OSA and controls;

differs from control (p \< 0.01).

 

After controlling for potential confounder effects (age, BMI, smoking, diabetes, hypertension, and PSG parameters), age, sex, and AHI were independently associated with the occurrence of nocturnal cardiac arrhythmia ([Table 5](#t05){ref-type="table"}).

###### 

Adjusted logistic model of predictors of the occurrence of nocturnal cardiac arrhythmia

                                           Beta    p value    Prevalence ratio   CI 95%
  ---------------------------------------- ------- ---------- ------------------ -------------
  Male gender                              0.40    0.032      1.49               1.04 - 2.16
  Age                                      0.06    \< 0.001   1.06               1.04 - 1.08
  BMI                                      -0.01   0.80       1.00               0.96 - 1.03
  Smoking                                  0.13    0.51       1.14               0.77 - 1.67
  Diabetes                                 0.90    0.08       2.45               0.90 - 6.70
  Hypertension                             -0.24   0.26       0.79               0.53 - 1.19
  AHI                                      0.04    0.007      1.04               1.01 - 1.07
  Total time of oxygen saturation \< 90%   -0.01   0.18       0.99               0.98 - 1.00
  Awakening index                          -0.02   0.19       0.98               0.96 - 1.01
  Total time awake after sleep onset       0.00    0.95       1.00               0.99 - 1.01
  Total sleep time                         0.00    0.15       1.00               1.00 - 1.01
  Sleep efficiency                         -0.02   0.25       0.98               0.94 - 1.02
  Constant                                 -0.83   0.62       0.44                

CI 95%: 95% confidence interval of; BMI: body mass index; AHI: apnea-hypopnea index.

Discussion
==========

The main finding of this study was the demonstration that nocturnal cardiac rhythm disorders occur more frequently in patients with OSA than in the general population, and that its prevalence increased with disease severity. The relationship between cardiac arrhythmias and sleep breathing disorders was assessed in several previous studies. Guilleminault et al^[@r19]^ using a 24-h Holter monitoring in 400 OSA patients, showed that 48% had nocturnal cardiac events. Olmetti al^[@r20]^ analyzed an electrocardiographic recording during PSG and found nocturnal cardiac arrhythmia in 18.5% of the 257 consecutively selected patients with OSA.

The result of this study demonstrated that the prevalence of nocturnal cardiac arrhythmia was higher than that previously described in the literature (92.3% of patients with OSA compared with 53.3% in the general population). Several explanations for this difference are possible. The use of a continuous monitoring system as a tool, with automatic detection of rhythm disturbances (Holter), may have detected the arrhythmias with greater accuracy, when compared with other methodologies used in clinical studies, such as 12-lead electrocardiography and electrocardiographic channel isolated from PSG. Furthermore, 37% of this population had an AHI \> 5 events/h. This prevalence was also higher than that observed in other epidemiological studies^[@r21]^, possibly because it included individuals with high BMI and age \> 70 years^[@r22]-[@r24]^. Finally, the use of a gold standard tool (GST) to detect breathing events during sleep can lead to a more effective screening of the population with OSA; and thus, to a better assessment of the prevalence of nocturnal arrhythmias.

The mechanisms involved in the pathophysiology of cardiac arrhythmias and OSA are probably multifactorial. In this study, we demonstrated that, in addition to age and gender, the AIH is an important factor related to nocturnal cardiac arrhythmia events. Hypoxia as a result of obstructive events is a potent stimulator for the sympathetic nervous system^[@r25]^. Fluctuations in sympathetic and parasympathetic activity in patients with OSA may predispose them to the development of atrial and ventricular arrhythmias.

Another strong mechanism involved in the pathophysiology of cardiac arrhythmias and OSA is structural heart disease, which could favor the occurrence of cardiac arrhythmia. Oliveira et al^[@r26]^, using three-dimensional echocardiography, showed that OSA induced an overload in the left atrium, resulting in remodeling. In addition, the effective use of CPAP can improve diastolic function of the left ventricle and the passive emptying of the left atrium^[@r27]^. A structural assessment of the heart by echocardiography was not performed in this population, which may be considered a limitation of this study.

We did not observe differences in the occurrence of nocturnal cardiac breaks. Harbison et al^[@r28]^ performed Holter ECG monitoring in 45 patients previously diagnosed with OSA syndrome and observed seven cases of cardiac break nocturnally, which were partially reversed with effective CPAP therapy. However, in randomized clinical trials to evaluate the role of CPAP in cardiac arrhythmias, there was no change after treatment with CPAP^[@r29]^, suggesting that other mechanisms, not limited to apnea, trigger arrhythmia. The relationship between cardiac breaks, obstructive apnea events, and CPAP is still not fully understood and should be further analyzed in subsequent studies.

The absence of information on the occurrence of cardiac arrhythmia during the day and the variability in the frequency of arrhythmias are also limitations of this study, because the results may not accurately reflect the actual severity of rhythm disturbances. However, the correlation between apnea (observed by PSG) and the occurrence of cardiac arrhythmia (observed by Holter) in a population-based study can provide new insights into the treatment of arrhythmias as well as highlight the need to assess the sleep of these patients.

Conclusion
==========

Nocturnal cardiac arrhythmias occurred more frequently in patients with obstructive sleep apnea, and the prevalence increased with disease severity. Age, sex and the apnea-hypopnea index were predictors of nocturnal cardiac arrhythmias in this sample.
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